various body measurements of the steers were taken on foot before slaughter. These body measurements were taken to determine whether there exists any association between the measures themselves and between them and certain performance characters. These relationships may be of practical value to a breeder in the selection of his stock. This paper is based on five measurements--height at withers, height to floor of chest, heart girth, width at shoulders, length of body; and their relationship to average daily gain, efficiency of feed utilization, and the age of the steers when they reach 900-pounds live weight. Associations of birth weight, age and weight at weaning with these measurements and rate and efficiency of gain and final age of the steers have also been included in this study.
working with a small number of steers have shown that at 900-pounds body weight Milking Shorthorn steers fed in record of performance tests were not only taller but longer bodied than beef Shorthorn steers fed in a similar manner. Beef Shorthorns, however, were superior to Milking Shorthorns in heart girth, width of chest, and width of shoulder. Lush (1928) studied changes in body measurements during fattening and (1932) the relation of body shape of feeder steers to rate of gain, dressing percentage, and value of dressed carcass. He found the correlations between body measurements of a large number of feeder steers and subsequent gains, dressing percentage, and values of the dressed beef to be low but statistically significant. Schmidt and Patow (1938) studying the effect of environment on various body measurements of cattle found that with unfavorable conditions height measurements were hardly affected at all, width measurements were reduced, while length measurements, on the contrary, increased.
Severson and Gerlaugh (1917 a and b) made a statistical study of body weights, gains and measurements of steers during the fattening period and reported among others the following correlations: Between gain in live weight and increase in circumference of chest, 0.460; gain in live weight and increase in circumference of paunch, 0.306; and gain in live weight and increase in circumference of rear flank, 0.203. Swett and Graves (1939) working with a large number of cows of varied breeding at a Chicago packing plant found that, in general, body measurements are highly correlated with live weight. The highest correlation they obtained was 0.82 for circumference of fore-chest with live weight.
So far as the authors are aware, no one has reported results on the association of body measurements among themselves and with performance characters for a fairly large population of dual-purpose steers or for these relationships when the final weight is practically constant.
Material and Methods
The 157 steers used in this study were all purebred Milking Shorthorns. They were raised and fed in the record of performance project from 1932 to 1949/inclusive, at the Agricultural Research Center, Beltsville, Maryland. The steers were progenies of 125 different dams and 29 different sires. A majority of the dams used in this experiment had only 1 steer offspring, 26 had 2, and 3 had 3 offspring. Each sire produced from 1 to 13 steers, 17 sires having more than 5. Most of the animals were weaned at 500-pounds live weight, but of the first steers raised 9 were weaned at 245 days of age and 25 at 252 days of age. The change from age at weaning to weight at weaning was made in order to have the criteria at weaning comparable to those at slaughter.
The method of feeding also changed to some extent throughout this period of 18 years. Ninety-one of the first calves were hand-fed milk and the rest were nursed due to shortage of labor during war days. During the record of performance feeding period, from 500-to 900-pounds live weight, the concentrates fed were as follows: 35 calves got only corn (No. 2 shelled yellow corn) with total digestible nutrients (T.D.N.) of 80.1 percent; 26, corn and varying proportions of a mixture (wheat, linseed oil meal, bran, and corn); and 96, a mixture consisting of cracked shelled corn (5 parts), ground oats (3 parts), wheat bran (1 part), and linseed oil meal, 30.8 percent protein (1 part) by weight with a T.D.N. of 75.5 percent, and total digestible protein of 10.57 percent. No. 2 leafy alfalfa hay was given at the rate of approximately 1 pound to every 2 pounds of concentrate. Concentrate was full fed but in a quantity that the animals would clean up readily. All the animals used in this experiment were fed individually and did not have access to pasture.
The steers were slaughtered when they had reached a live weight of approximately 900 pounds. The mean was 903+0.82 pounds. The average of 3 body weights taken on 3 days preceding slaughter was used as the final weight. Measurements were taken within 24 hours of the time of slaughter, practically all of them by the same operator to eliminate the variation from different operators handling the apparatus. For 52 animals the average of 2 repetitions of each measurement was obtained, while for the rest the average of 3 repetitions was available. This average of more than one repetition of the measurements was considered to be more reliable than only one repetition, according to the findings of Hetzer et al. (1950) . The position on the animal where each measurement was taken is shown in figure 1 . Efficiency was expressed as pounds of gain per 100 pounds of total digestible nutrients consumed during the fattening period.
To determine what the relationship would be when the weaning weight and methods of feeding were the same for all the steers in the sample, a group of 62 steers was selected from the 157 steers. The 62 steers were nursed as calves, weaned at approximately 500 pounds, and received the mixed concentrate described previously during the feeding period. Differences regarding the year and sire could not be controlled in this way. As the experiment progressed and sires were proved through the performance of their progeny, sons of those with the best records were used in the breeding program.-Statistical analyses were made according to the methods of Fisher (1946), Snedecor (1948) , and Wallace and Snedecor (1931) .
Results and D i s c u s s i o n s
For most of the characters studied between the group of 62 steers and the total group of 157, the means were not statistically different (table 1) . However, height at withers, days to weaning, and days to final weight were significantly less for the group of 62 steers than for the total sample. The differences in days to weaning and days to final weight may have been partly influenced by the fact that in the total group of 157 steers some of the animals were weaned at given ages and some at a given weight. Analyses of variance show that the different rations did not affect significantly the height at withers, height at floor of chest, and efficiency of gain, and that hand feeding milk and nursing did not affect significantly height at floor of chest, length of body, average daily gain, and efficiency (table 2) . When the effects of years, as well as rations and type of nursing, were studied with these factors, so few groups were available for comparison that it was impossible to draw definite conclusions. However, there were indications that the group of 62 steers which nursed their dams, received the grain mixture in the latter part of 
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the experiment (table 3) , and were produced by the later sires, were helped by these factors to reach weaning weight and final weight at earlier ages. Vl'hey were more compact, made better average daily gains, and the efficiency of utilization of feed was also higher than the others. It would be desirable to have the rations and the method of raising the calves to weaning constant in a study of this kind. Correlations between the five body measurements and rate and efficiency of gain, birth weight, and days to weaning and final weight were all quite low and in general were similar for the groups of 62 and 157 steers (table 4). Thirteen of the correlations between the body measuremerits and tile other factors were significant for the group of 157 steers while only six were significant for the group of 62 steers. This indicates the need for the larger number of animals for such observations.
Height at withers, which is almost entirely a skeletal measurement, was significantly correlated with all the factors except efficiency of gain and circumference of fore-flank for 157 steers (table 4) . With height at floor of chest it had the highest correlation, 0.75. This measurement, although it is not a part of height at withers, being taken at a slightly different position, also measures a portion of the height of the animal. With width of shoulder and average daily gain it had low but negative significant correlations. Thus there is a slight indication that the shorter the legs of a steer, the better would be its daily gain. With length of body, birth weight, and days to weaning and final weight, height at withers had low but significant positive correlations. No significant differences existed between the correlations for 62 steers and those for 157 steers for all these factors with height at withers. For the 62 steers none of the correlations were significant except those for height at floor of chest and width of shoulder. The result obtained by Black et al. (1938) showing a significant correlation between efficiency and height at withers does not hold true with this study. This may be due in part to the steers in their experiment being of several breeds, Shorthorn, Milking Shorthorn, Jersey, and Holstein.
Height at floor of chest, also a skeletal measurement, had significant positive correlations with birth weight and length of body; significant negative correlations with circumference of fore-flank and width of shoulder; and no significant correlations with the rest of the factors for 157 steers. There were no significant correlations between this measurement and the other measurements for the group of 62 steers, and there existed no significant differences between these correlations and those for the group of 157 steers. All the correlations were low. There is, however, a slight indication that in the Milking Shorthorns studied the 
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heavier animal at birth had longer legs and a longer body at 900-pounds live weight. It also tended to be smaller in circumference at the foreflank and in width of shoulder. This measurement appeared to have no association with days to final weight, average daily gain, and efficiency. Circumference of fore-flank, which measures bone structure and condition of fleshing, had small significant positive correlations with width of shoulder, days to weaning, and days to final weight, but had a small significant negative correlation with average daily gain and efficiency for 157 animals. The same was true for the group of 62 steers except that there was not a significant correlation for width of shoulder. The difference between the two groups for this correlation was not significant. This result is similar to that found by Lush (1928 and 1932) , but is different from that found by Black et al. (1938) , who did not find significance of fore-flank (heart girth) to be correlated appreciably with rate of efficiency of gain. This difference may have been due to their having steers of widely different breeding in their sample. The results are closely related to the age of the steers as indicated by the significant positive correlations between circumference of fore-flank and days to weaning and final age. Thus younger animals tended to be smaller in circumference of fore-flank.
Width of shoulder, which measures bone structure and condition of fleshing, had no significant associations with any of the measures of perf6rmance in either of the two groups except a positive significant correlation with days to weaning for the group of 157 steers and a negative significant correlation with days to final weight for the 62 steers. In these cases there were significant differences between the correlations for the two groups. The relationships were, therefore, of doubtful significance. The results differ from those of Black et al. (1938) insofar as the relation between width of shoulder, average daily gain, and efficiency are concerned.
Length of body, which is largely a skeletal measure, had a small negative correlation with average daily gain and small positive correlations with days to weaning and days to final weight for the larger group. No significant correlations were found for the smaller group. The differences between correlations with days to final weight and average daily gain were significant. Black et al. (1938) obtained different results. They found efficiency of gain to be highly correlated with length of body as well as with height at withers.
Average daily gain had high positive correlations (0.70 and 0.77) with efficiency and high negative correlations (--0.72 and --0.74) with days to final weight in the groups of 157 and 62 steers respectively. This is to be expected as the greater the daily gain of an animal the less time will be required to reach the desired weight at slaughter and a smaller amount of feed needed for maintenance and fattening.
Efficiency, too, had high negative correlations (--0.56 and --0.73) with days to final weight for both the groups and small negative correlations with days to weaning. The correlation for 157 steers was significant while that for 62 steers was not, although both were of the same size, --0.19.
Days to weaning was highly correlated in both the groups with days to final weight. This seems reasonable as the earlier the animal reaches 500 pounds (weaning weight) the earlier he will be expected to reach slaughter weight. Days to weaning had a significant negative correlation (--0.36) with birth weight for the group of 62 steers but not for the group of 157 steers. The difference between the correlations for the two groups was significant. It is reasonable to assume that the larger calves at birth would reach weaning weight sooner since they do not need to grow so much and their larger size is probably an indication of greater vigor and ability to grow rapidly. The fact that a similar correlation was not found in the group of 157 steers may be due partly to some of them being weaned at a fixed age rather than a fixed weight. Dawson, Phillips, and Black (1947) found with beef Shorthorn calves that those that were heavier at birth tended to reach weaning weight (500 pounds) and final weight (900 pounds) sooner than lighter calves.
Days to final weight with birth weight had a small significant negative correlation (--0.26) for the group of 62 steers. The correlation was likewise negative for the group of 157 steers but smaller and not significant. One would expect the correlation to be less than that between birth weight and days to weaning weight and to be negative for the reasons given in the preceding paragraph.
In general, the agreement between the correlations for the two groups is quite close, only 5 of the differences out of 45 being significant. This indicates that the differences in treatment received by the steers, in general did not affect markedly the correlations between the measurements and the performance of the steers, although in many instances the differences in treatment were associated with significant differences in the measurements and the performance of the steers. Since the total group (i57 steers) has the advantage of the larger number of animals, while the subgroup (62 steers) has the advantage of more uniform treatment, one cannot say definitely which figure should be used where there is a difference. However, it seems reasonable to assume that the true value probably lies between the two values found. Where a choice must be made the authors are inclined to favor the figures for the 62 steers since the number of animals is reasonably large and the treatment of the steers more uniform.
Summary and Conclusions
Five body measurements--height at withers, height to floor of chest, heart girth, width at shoulders, and length of body--and their relationship to average daily gain, efficiency of feed utilization, and the age at slaughter of Milking Shorthorn steers were studied. The animals were raised and fed in record of performance studies at the U.S.D.A. Research Center, Beltsville, Maryland. Measurements were taken and performance data calculated when the steers reached a live weight of 900 pounds. There was a total of 157 steers. In addition to the total group, which varied somewhat in their treatment, a subgroup of the 157 steers consisting of 62 animals which received more uniform treatment was studied. In general, there was quite close agreement in the correlations between body measurements and the measures of performance for the two groups and also between the .measurements themselvs. Conclusions based on results from both groups were:
The steers tended to vary independently with regard to the body dimensions measured as shown by the lack of high correlation between them except for a fairly high association between height at withersand height at floor of chest.
Circumference of fore-flank appears to be the best of the five measurements studied for use in the selection of breeding animals so far as relation to the measures of performance studied is concerned.
Greater width of shoulder at 900 pounds had a slight tendency to be associated with a decrease in height at withers.
Steers with a high average daily gain in general had a high efficiency of feed utilization.
Results supported by data on the group of 157 steers and not opposed by results from the other group indicated that:
1. Steers which are shorter in height and in length of body and smaller in circumference of fore-flank were slightly superior in the production characters studied.
2. Greater width of shoulder at 900 pounds had a slight tendency to be associated with a large heart girth (circumference of fore-flank) and with a decrease in height to floor of chest.
3. Length of body tended to be positively associated with the height measurements but not with circumference of fore-flank.
